This paper offers an analysis of the effect of micro-credit to financial inclusion. We use the survey data of Shandong Province in China since 2010 to 2016, and measure the index of financial inclusion to build the sample for empirical study. This paper examines the role of micro-credit for enlarging the coverage of financial service and decreasing the financial cost. Finally, we give the evidence that the development of micro-credit has the positive effect on promoting the financial inclusion.
Introduction
Financial inclusion, defined as the use of formal financial service for all sectors of society at the affordable cost (Allen et al., 2016) , increasingly becomes a popular research field that attracts wide attention from academia, government, and industry. During the 2016 G20 summit, G20 leaders and scholars made great efforts trying to meet the challenge of promoting the financial inclusion around the world (GPFI, 2015) , especially to guide the developing countries to relieve the financial exclusion and improve the effect of financial service. In theory, it is crucial for those in the developing countries who are financially excluded to receive necessary financial services. This will significantly increase their ability of financing and investment and improve their economic situation through financial activities. Such an arrangement also contributes to poverty reduction and economic growth in these countries (Bruhn & Love, 2014) . In practice, the development of inclusive finance includes not only the access to various financial services at a reasonable cost for all individuals but also the expansion of the coverage of financial service through providing transparent regulations on financial institutions (Levine, 1999; Beck et al. 2007 ).
In the past decades, many scholars studied financial exclusion and found that financial exclusion led to the lack of basic financial services and became an important cause of poverty. For instance, the lack of bank accounts makes liquidity management and payment difficult, which causes a high fee level associated with the use of money order or other cash services (Lusardi, 2010) ; alienated from banks and unable to get formal financial service, individuals in low income regions have to borrow from informal organizations and undertake higher rates of interest (Jones, 2001; Palmer & Conaty, 2002) ; the lack of financial institutions aggravates the gap between the supply of and the demand for basic financial service and raises the entry threshold of market to low income individuals (Branch & Cifuentes, 2001; Jones, 2006) . To solve these problems, many countries made efforts to design a new type of financial intermediary which provides micro-credit to meet the financial needs of the poor, for example, the local community unions which were established by hundreds of volunteers in Britain (Jones, 1999) . Supported by government policies and public grants, micro-credit expanded rapidly and brought positive effects to the low-income individuals during the 1980s and 1990s; however, the effects in recent years are not as apparent as before. Some scholars found a very limited effect of micro-credit on low income communities. Some even claimed that the new financial intermediary was doom to a failure (Dayson et al., 2001; Mckillop et al., 2007) . From this perspective, microfinance institutions may produce positive effects in increasing the coverage of financial services, but the effects may not be persistent. Relying on microfinance institutions cannot completely resolve the problem of financial exclusion and narrow the gap between the rich and the poor. The development of inclusive finance has the potential to solve the problem of financial exclusion and, hence, the poverty; but the drawbacks are also obvious. If micro-credit can promote the development of inclusive finance and increase the inclusiveness of regional financial system, it should be included in the "Inclusive Financial System". With this background, the research question of this paper is two-fold: 1) construct the Financial Inclusion Index (FII) according to the intrinsic requirement of inclusive finance, taking into account both the coverage of financial service and the cost of financial service; and 2) conduct an empirical analysis on the effects of micro-credit on the regional development of inclusive finance. This paper is primarily based on the survey data of Shandong Province in China due to the following reasons. First, China is the largest developing economy with a big gap between rich and poor in the world. The problem of financial exclusion in some areas is more prominent. In recent years, China has made some important progress in the development of micro-credit and inclusive financial institutions and therefore becomes an ideal case of study. Second, China has not established a systematic statistical database that covers key variables such Journal of Financial Risk Management as account information, distribution of financial institutions, and interest rates charged by informal financing. Quantitative analysis for all Chinese provinces is not feasible. One possible way out is to focus on the representative provinces, which can mimic the average situation of the whole country in industrial structure, financial development level, population structure, etc. Following these criteria, Shandong Province is an appropriate pick.
The remainder of this paper is structured as follows. Section 2 describes our data and methodology for constructing the IFI. Section 3 presents the empirical analyses on the effects of micro-credit on financial inclusion. Section 4 concludes.
Methodology for Measuring the Index of Financial Inclusion

Methodology
Inclusive financial system contains several dimensions. We follow a multidimensional approach to construct the index of financial inclusion (IFI). Our approach is similar to the one used by UNDP for computation of some well-known development indexes such as the HDI and the HPI
1
. As in the case of these indexes, we first calculate a sub-index index for each dimension of financial inclusion. For example, the dimension index for the ith dimension i k , is computed by the following equation 
Indicators
To the best of our knowledge, there has not been an universally recognized sys- (Vighneswara, 2014; Allen et al. 2016; GPFI, 2015) , this paper selects 11 indicators that reflect information concerning the distribution of financial institutions 3 , account usage, small business loan, and financing costs to establish the core set of Financial Inclusion Indicators. The number of bank branches, POS machines, ATM, and accounts are selected to measure the coverage of financial services; the loan interest rate of small and micro enterprises, the loan interest rate of agriculture-related loans, and the interest rate of informal finance are selected to reflect the cost of financial service and establish the cost index of financial service. Other indicators are selected to reflect the application of the loan, and the development of the Macro-economy and finance.
Data
We have constantly performed an annual survey for more than 300 micro-credit Table 1 are taken from the official reports and statements published by every financial management department and our survey.
Since a large number of county data in the sample period are missing or not disclosed, the research team calculated them based on the balance sheet and income statements to ensure the sample be complete and continuity. In China, the main purpose of promoting the financial inclusion is to provide more financial service to micro businesses and rural economy. Considering the dominant role of indirect financing market, we choose the 4 main indicators (bank branches, POS machines, ATM, and accounts) to reflect the availability on financial service in country area, hoose 3 indicators on different interest rates to reflect the cost of the service on micro businesses and rural economy. Finanlly, Following the studies (Sadhan, 2011; Zuzana & Laurent 2015) , we choose the other 4 indicators to reflect the application of the loan, Macro-economy and finance. the Coverage index of financial service and Cost index of financial service based on the nature of financial inclusion. Table 3 presents the result of the three indexes.
Result of IFI
It can be seen from Table 3 
The Impact of Micro-Credit on the Inclusive Finance
Model
To accurately study the influence of micro-credit on inclusive finance in each prefecture and mitigate the impacts of unobserved variables, this paper adopts the panel data model. Since this paper established the IFI at the prefecture level, for each year, we take the simple average of all micro-credit organizations within a prefecture to reflect the overall performance of this prefecture. All variables related to the micro-credit organizations are treated in this way. The major regression model I is specified as: 
Empirical Results
We first perform the Hausman test to pick the appropriate estimation method. It turns out that the F-statistics is 58.53 with a p-value of zero. Therefore we pick the fixed effects model and report the estimation results in Table 4 .
To check the stability of our model, this paper adopts LLC Test and MV Test to analyze the residual of the above regression. The P-values of these Tests are 0.08 and 0.07, respectively, showing that the model's residual is stationary.
From Table 4 we obtain several findings. IFDI . Decreasing the loan rate will promote the development of financial inclusion. This is consistent with the goal of "providing quality financial services at the affordable cost". When the loan rate of micro-credit organizations is lower, the customer will obtain financial services with a lower cost. Fifth, there is a significantly negative correlation between NPLs R and i IFDI , which indicates that the current operation risks of micro-credit organizations can affect the financial market. In particular, under the background of China's economic slowdown and increasing exposure of regional financial risks, financial market's vulnerability gradually increases. When the NPL increases rapidly, it increases market friction, raises market threshold, and impedes the development of financial inclusion.
To summarize, the existence of micro-credit organizations has a positive influence on the development of financial inclusion. By establishing new institutions, increasing loans at reasonable interest rate level and attracting more customers, micro-credit organizations play a role in improving the access of financial services and lowering the entry cost. In the next section, we will further explore the nature of financial inclusion and investigate whether the micro-credit organizations are able to expand financial service coverage and lower the financial service costs. 6 There is another possibility. The indicators selected to establish the index of financial inclusion in the paper mainly reflect the changes of financial supply capacity, while the influence of the small-loan companies' internal operation conditions on the rural financial supply is not clear yet.
The Influence on the Coverage and Cost of Financial Services
The notion of inclusive finance includes two key components: to expand the coverage of financial service and to reduce the cost of financial service (Beck et al. 2007) . In what follows, we further check the impacts of micro-credit on the Coverage index and the Cost index of financial service.
The Study on the Coverage Index of Financial Service
The model II specification is similar: Table 5 . 
The Study on the Coverage Index of Financial Service Cost
The Model III is specified as: The fixed effects model is estimated and the results are reported in Table 6 . short-term loans of micro-credit organizations can help to reduce the cost of financial services. The result is closely related to the origin of micro-credit organizations in China: in regional financial market, micro-credit organizations have more advantages in providing short-term loans. On the one hand, compared with informal finance such as private lending, the interest rate of micro-credit organizations is relatively low, and the cost advantage is obvious; on the other hand, compared with the formal finance such as commercial banks and rural credit cooperatives, the short-term lending through micro-credit organizations is relatively flexible. Therefore increasing the proportion of short-term loans of micro-credit organizations can help meet more demand for short-term capital of different enterprises, reduce the lending from informal finance, and effectively reduce the cost of financial services.
To summarize, the existence of micro-credit organizations has a positive influence on reducing the cost of financial services and increasing the coverage of the financial services. It provides significant evidence that the micro-credit organizations are able to make the financial service more available and affordable, and cause the same effect to the development of financial inclusion.
Conclusion
To sum up, scale expansion, internal management improvement, and credit expansion all produce positive impacts on the development of inclusive finance. As for the mechanism, increasing the supply of funds is the key to fill in the "gap" between the supply of and the demand for financial services. Following the nature of inclusive finance, this paper further carried out empirical research on whether development of micro-credit organizations is helpful to improve the coverage of financial services and to reduce the financial service cost. The empirical results in this paper show that the improved management of micro-credit organizations (e.g., expansion of scale, increasing the proportion of short-term loans, decreasing the loan interest rate, etc.) can help improve the coverage of financial services and reduce the financial service cost, confirming the positive effect on the overall development of inclusive finance. Meanwhile, we also found the difference of the effects of the increase rate of registered capital, non-performing loan ratio and other variables on each sub-index. This illustrates the uncertain effects of these factors on the development of inclusive finance and motivates future research questions in this field. Moreover, because of the large geographical area, there are significant variations across different regions regarding poor population distribution and natural endowments in China. How to take into account the impacts of geography and natural factors on the interaction between inclusive finance and micro-credit organizations is also left for future research.
